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Abstract: The first species described in the genus Encyonema were not lectotypified. Despite the absence of types, some 
specialists have either defended or accepted synonymizations based on their own concepts, such as in the cases of Encyonema 
prostratum, Gloionema paradoxum, G. leibleinii and E. paradoxum, the type of the genus Encyonema. We aimed to lectotypify 
E. paradoxum, E. prostratum, E. cespitosum, E. triangulum, Gloionema paradoxum, G. leibleinii and E. lacustre. Original 
material was inspected and characterized. These lectotypifications resulted in the verification of the conspecificity of E. 
paradoxum, E. prostratum and G. leibleinii, and in the designation of E. leibleinii comb. nov.
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IntroductIon

In the taxonomy of any organism, the application of 
names is based on nomenclatural types (lapage et 
al. 1992; Ride et al. 1999; Mcneill et al. 2012). This 
principle ensures the identity of taxa below the family 
level and links them to only one specimen. However, 
the indication of a type became a requirement in botany 
only after 1958 (Mcneill et al. 2012). Thus, many taxa 
published before that date lacked a type indication. 
This is the case for the genus Encyonema Kütz. and 
many of its species.

Kützing (1833) published the new monospecific 
genus Encyonema, which was characterized as a 
gelatinous–membranaceous filament, thin, hyaline, 
single and continuous, within which cymbelloid 
organisms are longitudinally organized. At that time, 
the only species described was Encyonema paradoxum 
Kützing, which must automatically be considered the 
type species of the genus. However, the type specimen 
of E. paradoxum is still undefined. ehRenbeRg 
(1838) considered E. paradoxum and Gloionema 
leibleinii c. agaRdh, which to this date have not been 
characterized, as synonyms of Gloionema paradoxum 
c. agaRdh, another species that is not yet typified. This 
synonymization was based mainly on the characteristics 
of the colony.

In 1844, Kützing again cited E. paradoxum, 
providing more details of this species and showing 
specimens with more acute apices and a slight 

intumescence on the midventral part of the frustules. 
Kützing (1844) also described the second species in 
this genus, E. prostratum (beRK.) Kütz., which was 
a new combination for Monema prostratum beRK. 
Nevertheless, these two species became confused, 
because Kützing (1849) concluded that E. paradoxum 
sensu Kützing (1844) agrees with M. prostratum. He 
also determined that E. prostratum sensu Kützing 
(1844) was different from Monema prostratum, and 
therefore described it as a new species, E. cespitosum 
Kütz. Further, Kützing (1849) transferred Gloionema 
triangulum ehRenb. and Gloionema sigmoides ehRenb. 
to Encyonema, resulting in the new combinations 
E. triangulum (ehRenb.) Kütz. and E. sigmoides 
(ehRenb.) Kütz., respectively.

Subsequently, RabenhoRSt (1853) published the 
taxon E. auerswaldii Rabenh., which is very similar 
to E. prostratum and E. cespitosum. Because of this 
similarity, he revisited the concepts of E. paradoxum, 
E. prostratum and E. cespitosum, basing his decisions 
only on the original drawings and descriptions of these 
taxa. RabenhoRSt’s (1853) was the last study that cited 
E. paradoxum.

patRicK & ReiMeR (1975) considered Encyo-
nema to be a synonym of the genus Cymbella, according 
to the concepts of heibeRg (1863). Moreover, they 
treated E. cespitosum pro part., E. auerswaldii and 
E. cespitosum [caespitosum] var. auerswladii (Kütz.) 
van heuRcK as a variety of C. prostrata, resulting in 
the new combination C. prostrata var. auerswaldii 
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(Rabenh.) ReiMeR. However, this synonymization 
was not accompanied by a study of the types of E. 
prostratum or E. cespitosum, but was based only on the 
concepts developed to that date, mainly those of van 
heuRcK (1885).

The original specimens of E. paradoxum, E. 
prostratum and E. cespitosum were lost. In the case of 
E. cespitosum, KRaMMeR (1997a) designated a neotype. 
However, the International Code of Nomenclature for 
algae, fungi and plants (ICN) established that a neotype 
can only be designated when all original materials are 
lost (Mcneill et al. 2012). In Article 9.3, the ICN also 
states that the original material comprises specimens 
and illustrations (published or not). Thus, the 
designation of a neotype of E. cespitosum by KRaMMeR 

(1997a) does not concord with the ICN rules, and we 
can consider that E. paradoxum, E. prostratum and 
E. cespitosum were still not typified. Similarly, other 
species that were originally described in other genera 
but are today considered to belong to Encyonema 
(e.g., Gloionema triangulum ehRenb. and Schizonema 
lacustre c. agaRdh) also were not typified. 

In this contribution, we lectotypify E. 
paradoxum, E. prostratum, E. cespitosum, E. 
triangulum, Gloionema paradoxum, G. leibleinii 
and E. lacustre (c. agaRdh) pant. We also verify 
the conspecificity of E. paradoxum, E. prostratum 
and G. leibleinii and propose the new combination                         
E. leibleinii. 

Figs 1‒6. Type element of Gloionema paradoxum c.agaRdh [LD 3303, LD 3304]: (1) Exsiccate LD 3303 and 3304; (2‒6) Gloionema 
paradoxum c.agaRdh, viewed on paper. Scale bars (Figs 2‒4) 500 µm; (Figs 5–6) 200 µm.



MaterIals and Methods

The term “original material” is used here according to the 
ICN (Mcneill et al. 2012). The following materials were 
analyzed:
Encyonema cespitosum. Preparation 321 IOK from 

“Weissensee b. Füssen” in the Alfred–Wegener–Institut 
für Polar– und Meeresforschung (BRM), Bremerhaven 
[designated by KRaMMeR (1997a, p. 118) as the neotype];

Encyonema auerswaldii. Preparations 1126 and 1127 IOK 
ex RabenhoRSt No. 1385 in the Alfred–Wegener–Institut 
für Polar– und Meeresforschung (BRM), Bremerhaven 
[isotype];

Encyonema prostratum. Preparation 321 IOK. in the Alfred–
Wegener–Institut für Polar– und Meeresforschung 
(BRM), Bremerhaven.

Encyonema prostratum. Preparation B 40 0040926 from a 
periphyton sample collected in a small boat park, Tegel 
Lake (52°35‘20.83“N; 13°16‘19.65“E), legatee w. Silva, 
11.7.2011, in the Botanischer Garten und Botanisches 
Museum Berlin–Dahlem, Zentraleinrichtung der Freien 
Universität Berlin (B), Germany.

Gloionema [Gloeonema] triangulum (≡ E. triangulum). 
Preparation no. 250608c “Niagara”, marked with a 
lilac ring, in the Ehrenberg Collection in the Museum 
für Naturkunde (BHUPM), and the drawing sheet No. 
2079 (http://download.naturkundemuseum–berlin.de/
Ehrenberg/Ec%20Drawings/Ec%20draw%202000–
2999/Ec%20draw%202000–2099/ec%20dr%202079.
jpg) [vide lazaRuS & Jahn (1998) on the correct use of 
the Ehrenberg Collection];

Gloionema paradoxum. Exsiccates 3303 and 3304 in the 
Herbarium of the University of Lund (LD), Sweden.

Gloionema leibleinii [leibleini]. Exsiccate 3299 in the 
Herbarium of the University of Lund (LD), Sweden.

Gloionema [Gloeonema] paradoxum sensu ehrenberg 
(1838). Preparations 250603e “Niagara”, marked with 
a blue ring (bl), Museum für Naturkunde (BHUPM); 
250604c “Niagara”, marked with a white ring (w) 
(BHUPM); and the drawing sheet No. 677 (http://
download.naturkundemuseum–berlin.de/Ehrenberg/
Ec%20Drawings/Ec%20draw%20001–999/Ec%20
draw%20600–699/ECdraw677.jpg).

Schizonema lacustre. Exsiccate 3673 in the Herbarium of 
the University of Lund (LD), Sweden.

Herbariums where parts of the Kützing Collection [e.g., 
Natural History Museum (BM), Botanischer Garten und 
Botanisches Museum (B), etc.] and the Berkeley Collection 
are held were contacted in order to find the original material 
of E. paradoxum, M. prostratum and E. cespistosum.
Small probes of the material of exsiccates 3299 (G. leibleinii) 
and 3673 (S. lacustre) were carefully scraped and oxidized 
using hydrogen peroxide in order to obtain permanent slides. 
Two slides were made from each exsiccate; one of each pair 
received the same number as the exsiccate and was deposited 
in LD, and the others, of the isolectotypes of S. lacuste and 
G. leibleinii, were deposited in the Herbarium of the Museu 
Nacional (R), Brazil, under numbers R 214.004 and R 
214.005, respectively.

The materials from BRM were analyzed with the 
aid of a Zeiss Axio Imager 4.2 microscope (1000×) and 
photographed with an Axiocam MRc/MRm capture system 
with software AxioVision Rel. 4.8. The materials from 

BHUPM were analyzed with an Olympus BX 51 microscope 
(400×) and photographed with an Olympus DP 50 digital 
camera [vide detailed characterization in Jahn & KuSbeR 
(2006)]. The materials from LD and R were analyzed under 
an Olympus BX 51, equipped with a CoolSNAP–Procf 
digital camera (MediaCybernetics) coupled to the Q capture 
Pro QImaging© software (Olympus).

Symbols as “≡”, “=” and “–” before name of 
specific and infraspecific were used to represent homotypic 
or nomenclatural, heterotypic or taxonomical, and concept 
synonyms, respectively, as used in the ICN (Mcneill et al. 
2012).

results

Gloionema c. agardh
Type of the genus name: Gloionema paradoxum C. 
Agardh.
Original description: “Fila gelatinosa tenacia 
continua. Sporangia? elliptica sparsa”.
 
Gloionema paradoxum c. agardh, 1812, Dispositio 
Algarum Sueciae 5: 45 (figs 45–50) [non Gloionema 
paradoxum c. agaRdh sensu ehRenbeRg (1838, p. 237) 
(figs 51–55)].
Original description: See the generic description 
[considered as a descriptio generico–specifica 
according to Article 38.5 of Mcneill et al. (2012)].
Lectotype (here designated): Exsiccate 3303 in the 
Herbarium of the University of Lund (LD), Sweden 
(figs 45–50).
Type locality: “In Mälaren, & in fluvio ad Jäder 
Westmaniae fluctuans”.
Remarks: The lectotype of G. paradoxum, type 
of the genus Gloionema, proved not to be a diatom. 
Macroscopically, G. paradoxum showed an arrangement 
of branched pseudofilaments (Fig. 1). Microscopically, 
the pseudofilaments were composed by aggregated 
cells organized serially and covered by mucilaginous 
substances (Figs 2, 3). Some of these pseudofilaments 
were branched. The material surrounding the cells was 
not fused. They showed irregular outlines and seemed 
to be whole. The layer lacked any structure (Figs 4–6). 
The cells were 180–215 µm in length and 67–87 µm 
in breadth.

Encyonema Kütz.
Type of the genus name: Encyonema paradoxum 
Kützing.
Original description: “fila felatinoso–membranacea, 
terrima, hyaline, simplicia, continua, libera, intus 
cymbellas longitudilatiler simplici serie dispositas 
continentia”.

Encyonema leibleinii (c. agardh), comb. nov. 
(Figs 7–17).
Basionym: Gloionema leibleinii c. agaRdh, 1830, 
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Consp. Crit. Diatom.: 31. 
Lectotype (here designated): One marked specimen 
in preparation LD 3299 made from material of 
exsiccate 3299, in the Herbarium of the University of 
Lund (LD), Sweden (Fig. 14).
Isolectotype: Marked specimen on slide R 214.005, in 
the Herbarium of the Museu Nacional (R), produced 
from oxidized material of the exsiccate 3299 (LD).
Type locality: “In aquis circa Wirceburgum”.
Original description: “filis abbreviatis, granulis 
uniseriatis fuscis”.
Remarks: Specimens within a mucilaginous tube, 
varying in breadth from 23.3 to 32.51 µm. Valvae 
dorsiventral, semi–lanceolate to slightly lanceolate, 
dorsal margin strongly convex, ventral margin 
straight to slightly convex, sometimes showing an 
intumescence in the middle part of the ventral margin, 
ventral side wide; rounded ends slightly displaced to 
the ventral side; length: 43.4–55.43 µm, breadth: 17.5–
20.8 µm, length/breadth ratio: 2.48–2.89; axial area 
straight and filiform, central area distinct, rounded; 
raphe lateral, terminal ends deflected to the ventral 
side, proximal ends slightly deflected to the dorsal side, 
terminal nodules positioned on the ventral side, central 
nodule on the dorsal side; striae radiate on the dorsal 
side, sometimes becoming convergent, striae radiate 
on the ventral side, becoming convergent close to the 
ends, commonly one short stria in the middle part of 
the ventral side, the arrangement of the striae conforms 
to the outline of the ends, 6–12 striae in 10 µm; 16–21 
puncta in 10 µm; stigmata absent.

Synonyms: Monema prostratum beRK., 1832, Glean. Brit. 
Alg.: 15, pl. 4, fig. 3; = Encyonema prostratum (beRK.) 
Kütz., 1844, Bacill. 82; ≡ Schizonema prostratum (beRK.) 
gRev. in hooKeR, 1833, Brit. Fl. 2(1): 414; ≡ Encyonema 
prostratum (beRK.) Kütz., 1844, Bacill.: 82; ‒ Encyonema 
paradoxum Kütz. sensu Kützing (1844); ‒ Gloionema 
paradoxum c. agaRdh sensu ehRenbeRg (1838) (figs 51‒55) 
non Gloionema paradoxum c. agaRdh (figs 18–29). 
Lectotype (here designated): One figure in beRKeley 
(1832, tab. 4, fig 3) (Fig. 14).
Type locality: England. 
Epitype (here designated): One specimen in 
preparation B 40 0040926 at the Botanischer Garten 
und Botanisches Museum Berlin–Dahlem (B) (Fig. 
22).
Type locality (epitype): Periphyton sample collected 
in a small boat park, Tegel Lake (52°35’20.83”N; 
13°16’19.65”E), Berlin, legatee W. Silva, 11.7.2011, 
in the Botanischer Garten und Botanisches Museum 
Berlin–Dahlem, Zentraleinrichtung der Freien 
Universität Berlin (B), Germany.
Original description: “Threads brown, procumbent, 
simple, flexuous, obtuse, containing a single row of 
granules, which are either simple, subelliptic, with one 
margin more curved; or cylindrical, with obtuse ends; 
or double of two cylindrical portions”.
= Encyonema paradoxum Kütz., 1833, Linnaea 8(5): 

589, pl. VII, fig. 73 (Figs 30‒31).
Lectotype (here designated): One figure in Kützing 
(1833, pl. VII, fig. 73) (Fig. 31).
Type locality: “Merseberg” [Merseburg], Germany.
Original description: “Filo adnato, flexuoso, 
frutulis cymbiformibus hyalinis, obtusis, fasciis binis 
transversalibus lutescentibus”.

Encyonema cespitosum Kütz., 1849, Sp. Alg.: 
61. (Figs 32‒41).
Lectotype (here designated): One figure on plate 25, 
fig. VII in Kützing (1844) (Fig. 33).
Type locality: “An Wassermühlen in Jütland”, Jutland.
Epitype (here designated): One specimen from 
preparation 321 IOK, at BRM, Bremerhaven (Fig. 34).
Type locality (epitype): Weissensee, Füssen, Germany.
Original description: “E. stratum gelatinosum 
formans, tubulis maxime intricatis, cymbellis 
latioribus obtusiusculis non cornutis, striates. – Long. 
cymbellarum 1/130 – 1/120”’.” 
Remarks: Valvae dorsiventral, slightly lanceolate, 
dorsal margin strongly convex, ventral margin 
straight to slightly convex, sometimes showing an 
intumescence in the middle part of the ventral margin; 
rounded ends not protracted to slightly displaced to 
the ventral side; length: 21.7‒44 µm, breadth: 9.6‒12 
µm, length/breadth ratio: 2.04‒4.1; axial area straight 
and linear–lanceolate, central area indistinct to slightly 
rounded; raphe lateral, terminal ends deflected to the 
ventral side, proximal ends slightly deflected to the 
dorsal side, terminal nodules lying on the ventral 
side, central nodule on the dorsal side; striae radiate 
on the dorsal side, striae radiate on the ventral side, 
becoming convergent close to the ends, striae on the 
ventral margin of the same size, rarely one different, 
8‒11 striae in 10 µm; 15‒20 puncta in 10 µm; stigmata 
absent.
Synonym: – Encyonema prostratum (beRK.) Kütz. 
sensu Kützing (1844).

Encyonema auerswaldii rabenh., 1853, Süss.–
Diat.: 24, pl. VII, fig. 2. (Figs 42‒45).
Lectotype: A–G.C. 11402, ex Rabenh. N. 1385, at 
Botanical Museum (LD), Lund, Sweden, designated 
by Reimer in patRicK & ReiMeR (1975, p. 41).
Isolectotype: Preparations 1126 and 1127 IOK 
at Alfred–Wegener–Institut für Polar– und 
Meeresforschung (BRM), Bremerhaven (Figs 42–45).
Type locality: Leipzig. 
Remarks: Valvae dorsiventral, slightly lanceolate, 

Figs 7‒17. Encyonema leibleinii (c. agaRdh) comb. nov [≡ 
Gloionema leibleinii c.agaRdh]: (7) Exsiccate Ag. 3299 in LD, 
Sweden; (8, 9) Specimens in mucilaginous tube, material on paper; 
(10‒17) Oxidized material, (14) Lectotype (here designated). Scale 
bar 10 µm.
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Figs 18‒20. Monema prostratum beRK. provided by beRKeley (1832, tab. 4, fig. 3): (19) Part of “tab. 4, fig. 3” provided by beRKeley (1832), 
lectotype (here designated); (20) E. prostratum by Kützing (1849), treated as Encyonema paradoxum Kütz. sensu Kützing (1844, taf. 22, fig. 
I).

Encyonema triangulum (ehrenb.) Kütz., 1849, 
Sp. Alg.: 62. (Figs 46‒48).
Basionym: Gloionema triangulum ehRenb., 1845, Ber. 
Bekanntm. Verh. Königl. Preuss. Akad. Wiss. Berlin 1845: 
77.
Lectotype (here designated): One specimen in 
preparation no. 250608c “Niagara”, marked with a 
lilac ring, Ehrenberg Collection, at the Museum für 
Naturkunde (BHUPM), Berlin (Fig. 48).
Type locality: Niagara, Canada.
Original description: “Gl. Corpusculis naviculaceis 
utrinque acutis, dorsi gibbere altiore inaequalibus et in 
formam a latere conspicuam triangularem abeuntibus. 
Diam. Naviculae 1/66”’.”

dorsal margin strongly convex, ventral margin 
straight to slightly convex, sometimes showing an 
intumescence in the middle part of the ventral margin; 
rounded ends not protracted to slightly displaced to 
the ventral side; length: 15‒37 µm, breadth: 8‒12 µm, 
length/breadth ratio: 1.5‒3.3; axial area straight and 
linear–lanceolate, central area indistinct to slightly 
rounded; raphe lateral, terminal ends deflected to the 
ventral side, proximal ends slightly deflected to the 
dorsal side, terminal nodules positioned on the ventral 
side, central nodule on the dorsal side; striae radiate 
on the dorsal and ventral sides, striae on the ventral 
margin of the same size, 9–12 striae in 10 µm; 21–25 
puncta in 10 µm; stigmata absent.
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Remarks: Valvae dorsiventral, lanceolate, dorsal 
margin strongly convex, ventral margin convex; 
apiculate ends, slightly displaced to the ventral side; 
length: 31 µm, breadth: 15 µm, length/breadth ratio: 
2; axial area linear–lanceolate, central area indistinct; 
raphe filiform, terminal ends deflected to the ventral 
side, proximal ends slightly deflected to the dorsal side, 
central nodule on the dorsal side; striae radiate on the 
dorsal side and parallel to radiate on the ventral side, 13 
striae in 10 µm; 16 puncta in 10 µm; dorsal stigmoid.
Synonym: ≡ Cymbella triangulum (ehRenb.) cleve, 1894, 
K. Svenka Vet.–Akad. Handl., ser. 4, 26(6): 168.

Encyonema lacustre (c. agardh) Pant., 1901, 
Balat. Kovam.: 24. (Figs 49‒59).
Basionym: Schizonema lacustre c. agaRdh, 1824, Syst. 
Alg.: 10.
Lectotype (here designated): Marked specimen on 
slide 3673, in the Herbarium of the University of Lund, 
produced from oxidized material of exsiccate 3673 
(LD) (Fig. 55).
Isolectotype: Marked specimen on slide R 214.004, in 
the Herbarium of the Museu Nacional (R), produced 
from oxidized material of exsiccate 3673 (LD).
Type locality: Sweden: Lake Mälaren, near Stockholm.
Original description: “filis subramosis caespitosis 
acutis fuscescentibus, granulis confertis adpressis, 
membrana fili inconspícua”.
Remarks: Valvae slightly dorsiventral, romboidal, the 

two margins convex; ends rounded, not protracted; 
length: 40‒44 µm, breadth: 8‒11 µm, length/breadth 
ratio: 3.95‒4.72; axial area straight and linear–
lanceolate, central area indistinct to slightly rounded; 
raphe filiform, terminal ends deflected to the ventral 
side, proximal ends slightly deflected to the dorsal side, 
terminal nodules positioned on the ventral side, central 
nodule on the dorsal side; striae radiate on the dorsal 
and ventral sides, converging close to the ends of the 
valvae, 7‒12 striae in 10 µm; 20‒27 puncta in 10 µm; 
stigmata absent.

dIscussIon

According to the original description, Encyonema 
encompassed organisms with a mucilaginous tube 
that encloses a group of serially arranged cymbelloid 
cells (Kützing 1833). These characteristics refer to the 
colonial habit; this habit can be assumed to be general 
in species of the genus, but has been reported only for E. 
paradoxum, E. prostratum, E. cespitosum, E. lacustre 
and G. leibleinii. Similar descriptions of diatoms based 
on the characteristics of the colony were very common 
up to the mid–19th century (e.g., agaRdh 1824, 1827, 
1830; ehRenbeRg 1838; gReville 1827; Kützing 1833, 
1844, 1849; lyngbye 1819; nitzSch 1817).

The use of colony morphology as a taxonomic 

Figs 21‒24. Encyonema prostratum (beRK.) Kütz.: (21‒22) Material from Tegel Lake, Berlin, (21) Live material showing colonial habit, with 
frustules in mucilaginous tubes, (22) E. prostratum in preparation B 40 0040926  from Tegel Lake, Berlin, epitype (here designated); (23‒24) 
Material from E. cespitosum from Weissensee in Füssen, in preparation 321 IOK in BRM, Bremerhaven.
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character in diatoms ceased in the later studies in 
the 19th century, when the researchers concentrated 
their descriptions on the frustules, e.g. cleve (1873), 
van heucK (1896), and huStedt (1930). Indeed, 
such colonial characters are shared among species of 
different genera (e.g., Amphipleura Kütz., Navicula 
boRy and Parlibellus e.J. cox), and therefore this 
feature is not a robust character to circumscribe taxa 
at generic level. 

The characterization of E. paradoxum provided 
by Kützing (1833) allows us to verify that this 
species belongs to the genus Encyonema as currently 
understood. However, it is not known if all species of 
Encyonema exhibit the tube–like colonial habit, or if it 
is due to particular environmental conditions. 
It is undeniable that the instability of the type species 
of the genus Encyonema can also lead to instability 
in the genus. This is a consequence of the lack of a 
type specimen, and therefore the relationships among 
the type and other species of the genus will remain 
unclear. Despite this taxonomic instability, Encyonema 
has been applied to the dorsiventral diatoms, with the 

proximal ends of the raphe deflected to the dorsal side 
and the external terminal fissures bent to the ventral 
side (KRaMMeR 1997a), even without knowing the type 
specimen of the genus. Nevertheless, the designation 
of types is fundamental to taxonomy because names 
are permanently attached to them, one of the principles 
that aims to ensure taxonomic stability (Mcneill et al. 
2012).

Despite being the type of the genus, E. 
paradoxum has been considered a synonym of 
Gloionema paradoxum, G. leibleinii and E. prostratum 
[≡Cymbella prostrata (beRK.) cleve] (ehRenbeRg 
1838, vanlandinghaM 1971). The lack of any 
specimen of the protologue, illustrations with few 
details, and a too–general description do not allow a 
separation between E. paradoxum and E. prostratum, 
and lead to disagreements about the conspecificity of 
these two species and G. leibleinii.

ehRenbeRg (1838, p. 237), in materials from 
Germany, Sweden, Denmark and France, accepted 
Gloionema paradoxum, in which he included E. 
paradoxum and G. leibleinii as synonyms. The 

Figs 25‒29. Material of Gloionema [Gloeonema] paradoxum c.agaRdh sensu ehRenbeRg: (25) Micastrips No. 250603 and 250604 of material 
from Niagara, Canada, Ehrenberg Collection, in BHUPM, Berlin; (26‒29) Gloionema [Gloeonema] paradoxum c.agaRdh sensu ehRenbeRg, 
(26) Specimen found in preparation 250603e “Niagara”, marked with a blue ring (bl), Ehrenberg Collection, in BHUPM, Berlin, (27) Specimen 
found in preparation 250604c “Niagara”, marked with a white ring (w), Ehrenberg Collection, in BHUPM, Berlin, (28) Drawing sheet No. 677, 
(29) Part of drawing sheet No. 677 showing the measurements of different specimens (in Paris lines) made by ehRenbeRg.
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specimens that he used had lengths ranging from 1/96 
to 1/72’’’ (Fig. 29). The measurements in Paris Lines 
(’’’) used by Christian Gottfried Ehrenberg in several of 
his studies correspond to 2.256 mm (Jahn 1995). Thus, 
the length of the specimens of G. paradoxum recorded 
by ehRenbeRg (1838) would range from 23.5 to 31.33 
µm. We also found two specimens corresponding to G. 
paradoxum from Canada in the Ehrenberg Collection, 
with lengths of 55 and 58.3 µm.

However, G. paradoxum sensu ehRenbeRg 
(1838) was different from the type, which, actually, 
does not refer to a diatom (Figs 1–6). Doubts about 
the classification of G. paradoxum were expressed by 
agaRdh (1812) upon the description of this species; he 
mentioned that he was not sure if the taxon referred to a 
plant or to an animal [“Utrum Vegetabile quoddam, an 
Animalis naturae, mihi adhuc incertum”]. On the other 
hand, Kützing (1849) considered G. paradoxum to be 
a desmid, a statement with which some specialists on 
this group of algae do not agree (M. G. Sophia, pers. 
comm.).

The lectotype here designated for G. leibleinii 

(Ag. 3299 LD) also proved to be different from G. 
paradoxum, but is conspecific with G. paradoxum 
sensu ehRenbeRg (1838) and concords with the current 
concept of E. prostratum. 

Additional information about E. paradoxum 
and E. prostratum provided by Kützing (1844; 1849) 
and RabenhoRSt (1853) generated more confused 
concepts. Kützing (1844), for example, confused the 
concepts of E. paradoxum with E. prostratum, and of 
E. prostratum with the concept that was later described 
as E. cespitosum (Kützing 1849).

Kützing (1849) stated that E. paradoxum has 
one intumescence in the middle part of the ventral 
margin and has a length equal to 1/100’’’. Such an 
intumescence can be observed neither in the original 
illustrations (Figs 1, 2) nor in the first description [i.e., 
Kützing (1833)]. In the studies of Kützing (1849), each 
Paris line corresponds to 2.265 mm (SiMonSen 1975). 
Small but different correspondence values can be found 
in the studies of Christian Gottfried Ehrenberg, where 
according to Jahn (1995), each Paris line corresponds 
to 2.256 mm. This value has also been adopted by other 

Figs 30‒31. Encyonema paradoxum Kütz. provided by Kützing 
(1833, plate VII, fig. 73): (30) Part of taf. VII; (31) provided by 

Kützing (1833), lectotype (here designated).
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authors [e.g., SchoeMan & aRchibald (1976)]. Thus, 
probably, the value provided by SiMonSen (1975) could 
have been a lapse or a typographic error. Therefore, the 
only value of length provided by Kützing (1849) for 
E. paradoxum would correspond to either 22.56 µm or 
22.65 µm.

The apparently consistent characteristics 
provided by Kützing (1849) to distinguish the two 
taxa were the ventral intumescence in E. prostratum; 
the length, which is greater in E. prostratum (22.65 µm 
versus 45.3 µm); and the breadth of the mucilaginous 
tube, which is broader in E. paradoxum (113.25 µm 
versus 37.75–41.18 µm). Nevertheless, we are not sure 
if these features were defined based on the original 
material, or, again, if these are mistaken concepts. 
Therefore, we continue to consider only the original 
material as a basis to agree with the synoymization of 
G. leibleinii, E. paradoxum and E. prostratum.

KRaMMeR (1997b) analyzed distinct concepts 
used by different authors during the history of E. 
prostratum, and described its length as ranging from 
38 to 94 µm and its breath from 16 to 25 µm; he 
also recorded specimens with a slight intumescence. 
However, these metric values presented by KRaMMeR 
(1997b) are somewhat discrepant. If we consider the 
maximum length of 94 µm described by the author 
and divide it by any value of breadth (16–25 µm), 
we obtain length/breadth ratios between 3.76 and 
5.88. Therefore, any value of this range will be higher 
than the maximum value of the length/breadth ratio 
provided by KRaMMeR (1997b). We may consider 
that some of his metric data (i.e., maximum length, 
maximum breadth, or maximum length/breath ratio) 
were misleading, and that the higher maximum length/
breadth ratio that we found for the material from Tegel 
Lake is the true value for the epitype of E. prostratum.

We reanalyzed preparation 321 IOK, which was 
used by KRaMMeR (1997b), and found values for length 
ranging from 37 to 88 µm, breadth from 16 to 24.7 
µm, and length/breath ratio from 1.94 to 4.4. These 
values agree partially with the values provided by 
KRaMMeR (1997b), except for the maximum length and 
the maximum length/breadth ratio. This material also 
agrees with the first description and with the original 
illustration (Fig. 4), chosen here as the lectotype of 
the species. This material was also similar to Monema 
prostratum, E. prostratum sensu Kützing (1849), G. 
leibleinii, and G. paradoxum sensu ehRenbeRg (1838).

Thereby, if we consider that E. paradoxum, 
published in 1833, M. prostratum, in 1832, and 

G. leibleinii, in 1830, are synonymous, the epithet 
leibleinii has priority. Since G. leibleinii was not 
combined in the genus Encyonema, a new combination 
is required. E. paradoxum becomes the synonym of G. 
leibleinii. Similar cases have occurred in other genera, 
such as Aulacoseira thwaiteS, where the type species 
became a synonym of another species of the genus 
(cRawfoRd et al. 2003).

Further with respect to the identity of E. 
paradoxum in relation to E. prostratum, huStedt 
(1930) raised doubts about the independence of 
E. cespitosum and E. auerswaldii in relation to E. 
prostratum. patRicK & ReiMeR (1975), agreeing in part 
with the considerations of huStedt (1930), treated E. 
auerswaldii as a variety of Cymbella prostrata (beRK.) 
cleve (≡ E. prostratum), creating the new combination 
Cymbella prostrata var. auerswaldii ReiMeR. They 
treated part of E. cespitosum as a synonym of this 
new variety. Based on different characters of the 
isolectotype of E. auerswaldii, KRaMMeR (1997a) 
considered this taxon to be reestablished at the 
species level. We observed, based on the epitypes, 
that the specimens of E. prostratum are broader than 
E. cespitosum (16–24.7 µm versus 9.6–12 µm). The 
length of E. prostratum can reach 88 µm, whereas 
E. cespitosum has a maximum of 47 µm. KRaMMeR 
(1997a, b) described maximum lengths of 94 and 45.6 
µm for the two species, respectively.

KRaMMeR (1997a) also designated a neotype 
of E. cespitosum. Although this “neotype” accords 
with the description provided by Kützing (1849) and 
the drawings on which he based his description, this 
designation is not valid according to ICN Article 9.7 
because there still exists original material that can 
be designated as a lectotype (Mcneill et al. 2012). 
We, however, declare the material used by KRaMMeR 
(1997a) as an epitype, after designating an illustration 
of E. cespitosum in Kützing (1844, taf. 25, fig. VII), 
as indicated by Kützing (1849) in the protolog, as the 
lectotype of the species.

KRaMMeR (1997a) described two varieties for E. 
cespitosum: E. cespitosum var. comensis KRaMMeR and 
E. cespitosum var. maximum KRaMMeR, erroneously 
using the epithet maxima. He used characters such 
as the outline and the shape of the ends, as well as 
metric characters to distinguish the two new varieties 
of the nominate variety. However, in examining the 
phenotypic variation of the populations, we observed an 
overlap in these characteristics (Figs 10–26). Thus, we 
consider that the differences highlighted by KRaMMeR 
(1997a) are insufficient to distinguish the two varieties 
in relation to the lectotype of E. cespitosum, and we 
therefore treat the two varieties as synonyms of the 
nominate variety.Figs 32‒41. Encyonema cespitosum Kütz.: (32, 33) E. prostratum 

sensu Kützing (1844, taf. 25, fig. VII), cited in the protologue of 
E. cespitosum by Kützing (1849), (33) Part of the drawing of E. 
prostratum, here designated as the lectotype of E. cespitosum; 
(34‒41) E. cespitosum from Weissensee in Füssen, in preparation 
321 IOK in BRM, Bremerhaven.
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Figs 42‒45. Encyonema auerswaldii Rabenh. from Leipzig in preparation 1126 IOK at the Alfred–Wegener–Institut für Polar– und 
Meeresforschung (BRM), Bremerhaven.

conclusIon

Inspection of the original material of E. paradoxum, 
E. prostratum, E. cespitosum, E. auerswaldii, E. 
triangulum, E. lacustre and Gloionema leibleinii 
showed that the characters of these species agree with 
the current concept of Encyonema.

E. prostratum is very similar to G. leibleinii, 
and is therefore considered by us as a synonym. Since 
G. leibleinii was published before M. prostratum, 
the epithet leibleinii has priority over the latter 
name. However, the epithet leibleinii is not currently 
combined in the genus Encyonema, and we therefore 
propose a new combination.

In the future, studies of the colonial habit of 
other species of the genus Encyonema should be carried 
out in order to determine if this capability is exclusive 
to a group of species in this genus or if it is related 
to environmental conditions. Such characteristics 
could indicate the possibility of the existence of 
internal groups in Encyonema, or provide important 
information about the evolution of the group.
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Figs 49‒59. Type material of Encyonema lacustre (c. agaRdh) pant. [Schizonema lacustre C.Agardh]: (49, 50) Exsiccate LD 3673 of S. 
lacustre; (51‒53) Specimens of S. lacustre on the paper of the exsiccate; (54‒59) Oxidized specimens of S. lacustre; (55) Lectotype (designated 
here) of S. lacustre on slide LD 3673, in LD, Sweden.

132                                                                                                                            Silva et al.: Typification of seven species of Encyonema

© Czech Phycological Society (2013)
Received April 1, 2013
Accepted May 22, 2013


